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In Uganda a new curriculum will be introduced in lower secondary school. Currently the National Curriculum Development Centre is designing this curriculum. Curriculum materials will be the carriers which bring the curriculum to the teachers. This research was conducted to find out which characteristics of exemplary teaching and learning materials help teachers to implement the new curriculum. The topic of the exemplary materials was integers and their operations, a topic in mathematics. The exemplary materials focused on two aspects which are important in the new mathematics curriculum: learning with understanding, instead of rote learning and teaching to include all learners, not just the strong ones.





Ugandan education has changed rapidly. Education used to be accessible for a privileged minority, but in 1997 Universal Primary Education (UPE) was introduced. Since then, the Ugandan government has provided free primary education for learners in government-selected schools. Ten years later, in 2007, the Ugandan government introduced Universal Secondary Education (USE). As a result, no tuition fees need to be paid at secondary government-selected schools. One of the results of UPE and USE is that the number of learners in education has increased rapidly (Deininger, 2003; Betegeka, 2005; Nishimura, Yamano, & Sasaoka, 2008; Asankha, & Takashi, 2011).

Primary education
In Uganda a child starts primary education at the age of six. There are seven years of primary school, so with normal annual progression, a child finishes primary school at age thirteen. However, due to circumstances, it often happens that children don’t go to school for one or more years. “So it is not unusual to find teenagers sitting primary exams. 
At the end of primary seven, pupils sit their first major national exams – the primary leaving examinations (PLE)” (Kavuma, 2010). The subjects examined are English language, mathematics, science and social studies. The best possible mark per subject is one and the worst possible is nine. The aggregate score of the four subjects determines whether a learner has access to free secondary education. The USE policy provides free education for all learners with an aggregate score of 28 or less (NCDC, 2013). 

Secondary education
After finishing primary school, children can continue with lower secondary school. In 2010 only 34.9% of the children in the age group of lower secondary, actually did attend lower secondary schools (UNESCO, n.d.). This is partially caused by the many learners of this age group who were still in primary school. Lower secondary school lasts four years, with normal annual progression, and ends with an examination. Learners are examined in at least eight subjects and if they succeed they receive their O-level certificate. After lower secondary it is possible to proceed to upper secondary school. This lasts two years in which learners study at least three subjects and it ends with A-level examinations. 

Challenge - large class sizes
The number of children in Uganda who can go to school has increased. Since the number of teachers and classrooms has not kept pace, the class size has increased as well. 70 or 80 learners in one classroom is normal (Opolot-Okurut, 2003; Nakabugo et al., 2007), but also classes of 260 learners can be found in rural areas (Urwick, & Kisa, 2011). These large class sizes have practical implications like indiscipline (Nakabugo et al, 2007), less individual feedback (Opolot-Okurur, 2003) and shortage of textbooks (CGDE, 2011). Large class size is a reason why teachers hardly vary their teaching methods. “The teaching methods that are used remain predominantly the traditional “talk and chalk” mode of delivery” (Opolot-Okurut, 2003, p4).

Other challenges
Ugandan teachers are not just faced with large classrooms, but also with practical problems. Especially in rural areas teaching is a challenge. “It is reported that still most rural secondary schools lack even basic school facilities such as desks, blackboards, chairs, drinking water, and toilet facilities” (Asankha, & Takashi, 2011, p28). The reward for teaching under these circumstances is a low salary. In this research teachers shared that they are looked down on, because teaching is a job for the poor. To maintain their families, many teachers have a second job. This is called ‘moonlighting’ and can cause inefficiency in the main job, teacher fatigue and absenteeism (Urwick, & Kisa, 2011). Apart from teacher absenteeism, teaching time is also disrupted “by un-gazetted holidays, late start of the term and so on” (Opolot-Okurut, 2003, p5). All these disruptions are a reason why teachers struggle to cover all the content of current curriculum. 

Curriculum
To understand the Ugandan situation better, some theoretical background on curriculum is needed. A curriculum can be defined as ‘plan for learning’. Taba (1962) came up with this simple definition and it is now accepted by many. Van den Akker (2003) pictured a curriculum as a spider web. It shows that all components are connected and it also shows the vulnerable nature of a curriculum; an imbalance will deform or even destroy the web.
 
Figure 1: The curricular spider web (van den Akker, 2003).
There is a distinction between intended, implemented and attained curriculum. Thijs & van den Akker (2009) show the differences clearly in their table:

Figure 2: Forms of curriculum (Thijs & van den Akker, 2009, p10)
NCDC and other organisation that develop curricula work with the intended curriculum, while the actual teaching is the implemented curriculum. As mentioned before, Ugandan teachers struggle to cover the content of the current curriculum. Or in other words: they struggle to implement all of the intended curriculum. 

Current curricula
Uganda has two different curricula. One is designed by NCDC and the other one is developed by UNEB (Uganda National Examination Board). The current NCDC curriculum for lower secondary is from 1991 and states what should be taught. 
The aims of teaching Mathematics include among others:
a) To develop an attitude of logical thought.
b) To enable the learner interprete and analyse everyday Mathematics related problems.
c) To present information in tabular and graphic form.
d) To prepare the learner for further training in Mathematical techniques.
e) To provide an understanding of basic Mathematical concepts (NCDC, 2008, 
p vii,viii)	
An example from the current mathematics syllabus, which brings the curriculum to the teachers, shows that focus is on: aims & objectives, content, teacher role, materials & resources, and time. 
Figure 3: The current mathematics teaching syllabus: Senior 1, term 1, topic 3 (NCDC, 2008) 
The UNEB curriculum is from 2006 and states what will be examined, so its focus is on assessment. Many people from tertiary education were involved in the designing process of both curricula. This might have caused the academic focus of the curricula, while only 3% of the learners actually proceed to tertiary education (Namukasa, Kaahwa, Quinn, & Ddungu, 2011). Apart from this academic focus, the curricula are overloaded, according to Opolot-Okurut (2003) and Clegg, Bregman, & Ottevanger, (2007), meaning there is too much content to be covered. “The content is then cosmetically covered on the surface to prepare pupils for examinations” (Opolot-Okurut, 2003, p5). Another problem with the current NCDC curriculum is that “the teaching methodologies inbuilt in the existing syllabuses do not promote effective learning and acquisition of skills” (Clegg, Bregman, & Ottevanger, 2007, p9). Past research gives several more reasons why new curricula are needed, but these are less relevant for the research presented.

New curriculum
Currently a new curriculum for lower secondary is under construction at NCDC. With the help of the World Bank and Cambridge Education, NCDC is working on the CURASSE (CURriculum ASSessment and Examination) programme. In this programme local experts and international consultants are developing a new curriculum for lower secondary education, which will be introduced in the period 2015-2018. The new curriculum “should contribute to learners to becoming self-assured individuals, who take pride in being responsible and patriotic citizens; who have a passion for life-long learning; and who possess abilities and a willingness to make a positive contribution to national development” (NCDC, 2013, p34). 

New mathematics curriculum
The ideas behind the new curriculum are also found in the mathematics programme. It 
focuses on developing mathematical understanding, logical reasoning, problem solving and analytical thought. The concepts, understandings and skills acquired will help learners to solve familiar or unfamiliar problems, giving them the flexibility they need to meet new situations as they arise. The learners will be confident with the Mathematics that they need for their day-to-day activities in the home, in the work place, in the community, and in society. They will also be ready to participate in civil life, using their mathematical skills to make informed decisions based on a sound understanding of facts, figures and opinions. (NCDC, 2013, p66).
Figure 4 shows a concept of a syllabus document. The document is still under construction, but it does show that information is given about: assessment, aims & objectives, content, materials & resources, and time.

Figure 4: Concept of mathematics syllabus of new curriculum (incomplete).
The CURASSE project also has the intention to give teachers guidelines for learning activities, teacher role and grouping. These guidelines will be illustrated with exemplary teaching and learning materials, which will help teachers to implement the new curriculum.

Research question
In this research the aim was to find out which characteristics of exemplary teaching and learning materials can help teachers to implement the new curriculum. The focus was on learning materials because the Ugandan government will provide textbooks, one per three learners. The focus on teaching materials was added by the researcher, because of a strong belief that teachers are most important. Since the researcher was part of the mathematics team, a topic within mathematics was chosen. The topic was calculations with integers, or with other words, addition, subtraction, multiplication and division of negative numbers. 
The overall research question was: 
What are the characteristics of exemplary teaching and learning materials for mathematics meant to support Ugandan teachers to implement the new curriculum for lower secondary school, when teaching addition, subtraction, multiplication and division of negative numbers?

Relevance






The approach used to answer the research question is educational design research. This is 
the systematic study of designing, developing and evaluating educational interventions (such as programs, teaching-learning strategies and materials, products and systems) as solutions for complex problems in educational practice, which also aims at advancing our knowledge about the characteristics of these interventions and the processes of designing and developing them (Plomp, 2010, p13).
Educational design research is appropriate to be used in an open problem, which is substantial and no guidelines addressing the problem are available (Kelly, 2010). “Further, a solution to the problem would lead to significant advances in learning or at least a significant reduction in malfunctioning in the educational system” (Kelly, 2010, p75). 

Why educational design research
There were several reasons for choosing educational design research to answer current research question. The problem posed by the research question was an open question. It was not possible, without further research, to list characteristics of materials which would help Ugandan teachers to implement a curriculum. 
Educational design research was appropriate to use, because the problem posed by the research question is significant and a solution to the problem would lead to significant advances in learning. Teaching and learning materials will be the ‘delivery vehicles’ which bring the new curriculum to the teachers and learners (NCDC, 2013, p52). If the delivery vehicles, to continue the metaphor, lose part of their content, they are not very effective. Therefore the designers of teaching and learning materials should know which aspects of the materials will help teachers to implement the new curriculum. The new curriculum is designed in such a way that it will lead to significant advances in learning. Content which is of no use to the majority of learners is removed; the focus is on all learners, including the weak and strong ones; and the aim of teaching is understanding instead of rote learning. 

Process
McKenney and Reeves (2012) describe the educational design research process. There are three core stages which can be identified. Frist the researcher starts with exploration and analyses. Then the design process starts with drafting and prototyping. The third stage is evaluation through empirical testing. In general the evaluation shows that the design needs to be adapted, so the design and evaluation stages are repeated several times. After this iterative process, there are two main outputs: maturing interventions and theoretical understanding.






Figure 5: Model of research process.

Analysis of user practice
Before any teaching and learning material could be designed, the researcher had to analyse Ugandan education and the new curriculum. The researcher read several articles written by Ugandan researchers and foreigners involved in Ugandan education. Further two weeks of workshops with the CURASSE mathematics team, including four teachers, gave more information on educational practice and the ideas behind the new curriculum. During the workshop the four CURASSE teachers were asked to fill in a questionnaire. The results gave the researcher insight in teacher struggles and their current ways of teaching integers. Further the researcher spent several lessons in different schools to experience what Ugandan education is like in reality. The findings of this analysis are summarised in the introduction. 

Analyses of context
The new curriculum will be introduced in lower secondary school, which is Senior 1 up to Senior 4. Teachers are focused on preparing their learners for the final O-level examination. In Senior 1 the pressure to prepare for examination is lowest, and therefore teachers might be more willing to participate in research. That is the reason why the teaching and learning materials were designed for Senior 1. Three of the four CURASSE teachers were teaching in Senior 1 and were willing to participate in this research. The fourth teacher was willing to participate in this research, but didn’t teach Senior 1. Therefore the teacher suggested to trial in Senior 2, which would also give a good insight, because deaf children are slow learners according to the teacher. The four CURASSE teachers asked colleagues to participate in this research as well. Three more teachers were willing to participate. More information about the teachers can be found in table 1.
Cycle	School	Teacher	Class
1	Nabisunsa Girls’ School	1.1 – Experienced teacher part of CURASSE team	Number of learners: 61-62Average PLE aggregate: 5.8Average PLE Maths: 1.6
2	St. Peters’ SS Nsambya	2.1 – Young teacher	Number of learners: 72-77Average PLE aggregate: 11.3Average PLE Maths: 3.2
		2.2 – Experienced  teacher part of CURASSE team	Number of learners: 75-73Average PLE aggregate: 11.0Average PLE Maths: 3.0
		2.3 – Experienced teacher	Number of learners: 72Average PLE aggregate: 11.2Average PLE Maths: 3.3
3	Kololo High School	3.1 – Experienced  teacher part of CURASSE team	Number of learners: 73-80Average PLE aggregate: 12.6Average PLE Maths: 3.8
		3.2 – Experienced teacher	Number of learners: unknown-74Average PLE aggregate: 18.3Average PLE Maths: 5.3
	Wakiso Secondary School for the Deaf	3.3 – Experienced  teacher part of CURASSE team	Number of learners: 41 Average PLE aggregate: 27.6Average PLE Maths: 6.4
Table 1: Overview of the participating schools, teachers and classes.
In table 1 there is also information about the classes participating in this research. The class size and the PLE scores, provided by the learners, give an indication about the kind of school. 

Scientific knowledge base – teachers and curriculum materials
The context of Ugandan education gave practical information which was useful for designing teaching and learning materials. Theoretical knowledge about implementing a curriculum through curriculum materials (e.g. exemplary materials or textbooks) was gathered through literature study. 
“The design and spread of curriculum material is one of the oldest strategies for attempting to influence classroom instruction” (Ball & Cohen, 1996). That might be a reason why a lot of research is done on how teachers use curriculum materials. Remmilard (2003) compared over 70 different studies and found that four main areas do influence how teacher use curriculum materials. These are: 
-	teachers’ beliefs about mathematics, teaching and learning;
-	teachers’ knowledge of mathematics, teaching and learning;
-	teachers’ orientation toward curriculum; and
-	teachers’ professional identity. 
In these 70 studies Remmilard (2003) noted that the main focus was on teachers, and “relatively few efforts have been devoted to examining and conceptualizing curriculum materials” (Remmilard, 2003, p28). This is in accordance with what the researcher discovered; it is hard to find scientifically based principles for designing teaching and learning materials.

Scientific knowledge base - educative curriculum materials
When teachers start working with a new curriculum, they are learners as well. According to Ball and Cohen (1996) the implementation of a curriculum is likely to fail when this need of teachers is neglected. This statement motivated others to do research on ‘educative curriculum materials’, curriculum materials designed for both learner and teacher learning. Davis and Krajcik (2005) did summarise five principles for educative curriculum materials. 
Educative curriculum materials could teach teachers:
-	how to interpret learner responses to instructional activities and how to anticipate;
-	subject matter;
-	how to relate different topics (or units) during the year;
-	the pedagogical judgements of the curriculum developers; and
-	to decide on using own, adapted or curriculum materials while remaining true to the essence of the curriculum.

Design – educative curriculum materials
When the new curriculum will be implemented in Uganda, teachers should change their teaching practice. Teachers will get training, but the researcher expects that not all teachers will be trained before the curriculum is implemented. Further it is difficult for teachers to train themselves, because study books and internet are not common. Since the Ugandan government will supply curriculum materials, teachers can be trained through these materials. Therefore the materials in this research were designed as educative curriculum materials. 

Design – topic
For practical reasons mentioned before, Senior 1 was chosen to participate in this research. Since this research took place in the first term, the following topics were available: sets, number bases, numerical concepts I (i.a. integers and their operations), numerical concepts II (i.a. factors and multiples), and fractions & percentages (NCDC, 2008). The teachers of the CURASSE team had expressed they had difficulties with teaching integers. They especially struggled with finding real-life examples. 
To help learners understand the operations of integers, one could use a number line, which is suggested by the NCDC curriculum (NCDC, 2008). But this becomes very complicated when the exercise is -5 × -5. So the researcher spent some time on searching ways to teach integers and their operations in a meaningful way. Very often the ‘story of the chef’ was suggested, which was familiar to the researcher, because that’s how she learned about integers and their operations. In the story the chef  is preparing soup and he adds or removes hot or cold cubes to change the temperature of the soup. Since soup in Uganda means the liquid in which meat is cooked, and meat is expensive, it is better to use a different example. Water is available to all learners, either dirty or clean, so this might be better than soup. In addition, this idea of hot and cold cubes should be expanded so it can also explain multiplication and division. This is possible when you translate the exercise -5 × -5 into: remove 5 times 5 cold cubes.  
 
Design – materials
The materials developed for this research were two sets of teaching and learning materials for two double periods. In most schools a lesson lasts two double periods, which is about 80 minutes. A set of teaching materials and enough learning materials (one set per three learners) were given to the teachers a few days before the trails. Table 2 gives and overview of the designed materials. 
	Set 1	Set 2
Specifics	Topic: addition and subtraction of integersTwo partsPart A: hot and cold cubes (‘real’ life)Part B: mathematical language (abstract)	Topic: multiplication and division of integersTwo partsPart A: multiplicationPart B: division
Teaching material	Number of pages: 6Structure: introduction, story of hot and cold cubes, examples, exercises, check, examples, exercises, closure. Time needed: 80 minutes	Number of pages: 8Structure: introduction, review, examples, exercises (group work), check, examples, exercises, closure.Time needed: 75 minutesexercises, check, examples, exercises, closure.  fill 80 minutes.
Learning material	Number of exercises: 15 + 20Homework: None	Number of exercises: 14 + 13Homework: 12 exercises
Table 2: Specifics of the designed teaching and learning materials

Design principles
The following 11 design principles, based on the scientific knowledge base described before, were used for designing the materials. They are listed without order of importance and an example out of the materials is sometimes added for clarification. 
1.	Preserve aspects of current education which are good. Familiar aspects will help teachers to feel comfortable with the new curriculum. The lesson plan, which is taught in teacher education and often used by teachers, was kept. Further the common used question-answer strategy – the teacher asks a question and all learners reply – and the example-exercise structure were included as well. 
Figure 6: A snapshot of the lesson plan of the teacher material set 2.
2.	Explain ideas behind the new curriculum. The materials explained explicitly one aspect of the new curriculum: education to include all. Further the materials implicitly showed that logical reasoning and problem solving are useful in daily life. 
3.	Influence teachers’ beliefs about mathematics in a positive way. Many teachers believe that mathematics is only useful for learners who go to university. The materials included several statements to shake these beliefs.
4.	Influence teachers’ beliefs and/or knowledge about teaching in a positive way. Rote learning is a common teaching strategy in Uganda. Either teachers belief this is the best way to teach or they don’t know any other strategies. This material was designed in such a way that teachers were guided into different teaching strategies.
5.	Influence teachers’ beliefs about learning in a positive way. The practice of rote learning implies that teachers believe that learning only happens when knowledge is imparted from teacher to learner. The designed materials showed that learning also happens through self-discovery or through making mistakes.                             Figure 7: Quote put into teaching material
6.	Provide feedback for learners. Learning through making mistakes can only happen when feedback is given. Since teachers can’t give individual feedback to all learners, the designed materials suggested to have learners check each other’s work.
7.	Help teacher to create a safe and positive learning environment. The attitude of teachers towards learners can be very negative, including spanking and other physical punishments. In the opinion of the researcher this distracts from learning. That is the reason why suggestions like: “Give a small compliment to learners who work hard and have found the correct answers” were included in the teaching materials.
8.	Give suggestions how teachers can help learners who get stuck. Some teachers might not know how to help these learners. Therefore advice for teachers was added: “When you notice a learner doesn’t understand it, help this learner by asking questions like: Does the temperature go up or down?” 
9.	Make sure all activities are possible in large classes, without any additional resources. In this materials the story was a good example.
10.	Use simple language and as few words as possible. Since English is not the mother tongue of most teachers and learners, the materials should be easy to understand. In the learner materials drawings were included.

Figure 8: A snapshot of the learning materials of set 1.
11.	Learning materials should start simple and increase in difficulty. All learners should be able to do the first exercises, while strong learners will be challenged by the final exercises. In the designed materials the distinction between these exercises was shown by stars. An exercise without stars was accessible for all learners (core), an exercise with one star was more challenging (higher core) and an exercise with two stars was for the strong learner (extended).

Evaluation
Several experts helped the researcher to check for relevance, consistency and practicality. Members of the CURASSE team read the materials and gave suggestions for improvements. Also someone who has done research on mathematics education in Uganda, read the materials and commented on them. These expert reviews took part before, during and after the trials, depending on the availability of the experts.
During the trials of the materials, the researcher observed the lessons to see how teachers and learners used the materials. The lessons were filmed as well, to give the researcher additional information. The observations and the films helped the researcher to decide which aspects of the materials should remain and which should be removed or improved. 
The answer sheets of the learners were collected and marked by the researcher. Questions which were answered wrongfully by many learners were removed or adapted. Further the researcher also collected learners’ PLE scores, written on their answer sheets. The main reason for that was to find out whether the results of the learners were caused by their level (PLE scores) or by the teaching they received. 





In the first cycle teaching and learning materials were designed according to the 11 design principles mentioned. The materials were tested once by one teacher. She spend two double periods on trialling both sets of the materials. The teacher did use the teaching materials as the researcher had intended. Due to practical issues, the lesson lasted only 70 minutes, instead of 80. Not all items could be covered in the time available. Further several questions in the learning materials were not clear and needed to be adapted. The learners didn’t score very well (learner results can be found in table 3), partly because of the materials, but also because they didn’t have time to complete all the questions. Even so, both learners and teacher were positive about the material. The teacher expressed that the story about the hot and cold cubes especially helped learners to understand the topic better. 
An expert read the materials and commented that she liked the use of a story to teach with understanding. She thought it aligned well with the traditional story telling culture in Uganda. She suggested some improvements: to add more visuals and use more physical materials.

Cycle 2 – Design
The structure of the teaching material remained the same, but items, for example the story, were shortened. The number of exercises in the learning materials were reduced and several questions were adapted. Questions were added with a Ugandan context. In set 1 homework exercises were included and in set 2 more visuals were added.  Also the design principles were changed. Number twelve was introduced:
12.	Include Ugandan context.  

Cycle 2 – evaluation
In this cycle three teachers tested the materials. These teachers were all teaching at the same school. 
2.1   The teacher needed 1,5 double lesson to complete the materials of set 1. When the teacher found out there was not enough time, learners had to do all the exercises without star, half of the exercises with one star and half of the exercises with two stars. Learners could choose the exercises they wanted to do. When the teacher asked for the opinion of the learners, many positive responses came, including: “Nice”, “Fantastic” and “Delicious!”. The teacher was also very positive about the material, especially the idea that the exercises increase in difficulty. He  would like to add some experiments with hot water, cold water and thermometers to help learners who don’t understand the concept of temperature. 

2.2   This teacher has been teaching for a long time and therefore doesn’t prepare lessons anymore. Therefore, he thought he could teach the trial lesson without preparing. Just before the lesson started, he looked at the materials and concluded that this material needed some preparation. So the trial lesson was postponed. The teacher spent two double lessons on teaching addition and subtraction of integers (set 1). He used the materials but also added several aspects. Before starting with what was written in the teaching materials, the teacher showed a ‘bad example’ to the researcher. If you borrow 400 Ugandan Shillings, do you have +400, -400 or 0 Ugandan Shillings? When he started with the materials, the teacher did use formal mathematics in the first part, which was supposed to be informal. 

However the teacher did not use the materials as intended, he was very positive about the materials. According to the teacher, the learners did enjoy using the materials. However, they didn’t do very well. This is partly due to the little time the teacher gave for the exercises, but probably also because of the formal mathematical approach of the teacher.

2.3   The teacher didn’t volunteer to participate in this research and so needed to be convinced. He didn’t prepare for teaching the materials of set 1 in one double lesson. The teacher did not read the story out loud, but asked one of the learners to do so. In Uganda the words ‘cube’ and ‘tube’ are pronounced the same as “chube”. Since this teacher also teaches science, he did hear (test) ‘tube’. So the teacher changed the context from adding hot and cold cubes into a science experiment. Maybe that is the reason the first eight exercises, which included the word ‘cubes’ where skipped. Learners had to skip the exercises with zero and one stars and start with the exercises with two stars. The researcher wanted to ask the teacher about this, but thought it was culturally inappropriate to confront people with mistakes they made. Other than that, the teacher used the materials as intended and was able to complete everything in one double lesson. At the end of the lesson, the teacher was positive about the materials and thought this was easier than the number line normally used. The learners seemed to have understood the material quite well, but many learners struggled with the  two stars questions they had to start with.

Cycle 3 – design
The first school was a school with high performing learners, with learners who also perform well in English. In the second school English did cause several problems. Apart from the tube-cube confusion, there were several other misunderstandings. Therefore the researcher decided to include a few minutes of translating English words, so language won’t be an obstacle in learning mathematics. Another difference between the first and second school was that an exercise like: “Write down a number and hot or cold.” went well in the first school, but not in the second school. This helped the teacher to realise that this exercise required learners to write down two answers and this could be easily misunderstood. So all questions were checked how many answers were required and the questions were adapted if needed.
After two suggestions to include more physical materials or experiments, the researcher decided to change design principle 9 and include an experiment with physical materials. To add the many new ideas from teachers and researcher into the lesson plan, an element of choice was introduced. Teachers could choose the parts that would suit their class best. So the introduction could be either the story, an experiment or a physical activity, and the teacher could choose between individual or group work. 
Altogether one design principle was adapted and three new ones were added
Adapted: 9. Make sure all activities are possible in large classes.
13.	Don’t use borrowing money as context for negative numbers.
14.	Include an activity on English language.
15.	Require only one answer per question.
16.	Give teachers choices to adapt teaching to suit their classes.

Cycle 3 – evaluation
The final cycle included three teachers, from two different schools. 
3.1   The teacher did prepare the lesson thoroughly, but didn’t understand the element of choice, so trialled everything. The researcher was content to see all new ideas tested. It took the teacher two double periods to complete set 1. The teacher did exactly what the materials suggested. The learners were really involved and did well in the exercises. The English language exercise seemed to be very useful. When many learners struggled, the teacher asked for a translation to Luganda, the local language, and then learners did understand.  Another thing the researcher discovered was that the experiment with hot and cold water, performed by the teacher, was a lot of hassle and not practical in a classroom with so many learners

3.2   The teacher trialled the first three quarters of set 1 and the first half of set 2. After a few words of instruction from the researcher, this teacher did chose several items instead of teaching all. In the first lesson the teacher did not distribute answer sheets, so learners wrote on the learning materials. Since every two or three learners had to share one set of materials, the total number of learners is unknown. Writing the answers on the learning materials was the reason why learners worked much faster than other classes. In both lessons learners were really enthusiastic and the teacher enjoyed teaching them. Despite the disadvantages, like the noise from outside the classroom and parts of the materials being skipped, the class did relatively well. 

3.3   The last trial was in a school for the deaf in Senior 2. The teacher, hearing herself, didn’t know all the words used in the material in sign language, so the school interpreter was asked to translate the story. Learner replies and all other whole class activities took much more time than in a normal school. The teacher did like the material and thought material like this, preferably with a lot of visual material, was very useful for deaf children. The head teacher agreed on this need for visual materials. Probably this material was still too hard for Senior 2.

Learner results
The results of the learners are listed in table 3.

Table 3: The PLE scores of learners and the percentage of correct answers. 
The information in the table should be handled with care, because many learners changed their answers, or the answers of their friend, when the teacher wrote the answers on the blackboard. Assuming the numbers of learners cheating in each class is alike, the results are still useful to discuss. Table 3 show that the learner results were not related to their own abilities. The researcher did notice that all teachers who did well in the eyes of the researcher    learners, had high scoring classes. Therefore there was a strong indication that the effectiveness of teaching and learning materials was related to how teachers used the materials.

Final revision
Since none of the teachers did understand the idea of choice, without the help of the researcher, either it was communicated poorly or it was not appreciated by the teachers. Since the researcher had no possibility to trial the materials another time, she choose to reduce the number of choices. Instead of many different possibilities, a fixed lesson plan is suggested with one or two possible alternatives. These alternatives can be more traditional teaching strategies, for example in the beginning of the book, or more student-centred activities, for teachers who are comfortable with the new curriculum.
The use of additional physical materials did cause problems for some teachers. In the experiment suggested in these materials hot and cold water was needed. Hot water was provided for tea, so leftovers could be used for the experiment. But cold water had to be bought or was simply not available, because of a two day long power cut. Since not all teachers will be able to do the experiment, this was now suggested as alternative. 
The design principles were adapted once more:
Adapted: 9. Make sure all activities are possible in large classes, with as little 
additional resources as possible.





The mathematics team of the CURASSE programme can use the design principles for checking whether designed and new exemplary materials are practically useful for teachers. These principles can also be adapted so other teams of the CURASSE programme can use them as well. Not all subjects will have such extensive teaching and learning materials, but they can still use the principles which apply. The same principles used by the CURASSE teams could be distributed to the people who will write and publish the textbooks and teacher manuals. Since these will be the main carriers of the new curriculum, these need to be well designed, and these principles can help to transfer the ideas of the CURASSE teams.

Limitations
This research was not more than it intended to be, a small-scale educational design research. Only seven teachers participated, who were very different and did teach at a variety of Ugandan schools. In this research all schools had building, blackboards, desks and a library with textbooks, while in rural areas even these basic requirements are missing. 




The list of design principles is not complete yet. Members of the CURASSE team can add principles they discover when trialling exemplary materials. More research is needed on how Ugandan teachers use teaching and learning materials for other topics; in rural schools without blackboard or desks; and for a longer period of time. Further it would be interesting to find out how teachers deal with choices in the materials and whether these choices help them to adapt teaching to the needs of the learners. 
This specific set of teaching and learning materials on operations on integers has been designed according to the design principles, but it is definitely not perfect. Further trialling and adaptation will be needed before these materials can be put into teacher manuals and textbooks.

Positive note
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I daresay one profits more by the mistakes one makes off one's own bat than by doing the right thing on somebody's else advice.
W. Somerset Maugham (1874 - 1965), Of Human Bondage, 1915
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